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UNITED STATES PATENT OFFICE 
2,600,196 
GASEOUS-DISCHARGE MAKE-ALIVE DEVICE 
John L Boyer and Joseph Slepian, Pittsburfh, 
P., ssignors to Westinghouse Electrie. Cor13o- 
ration». East Pittsburgh, Pa., a corporation 
Pennsylwtnia 
AlpHCttion vrcK31, 1951; SerilNo 218»584 
20Claims (CI. 313170) 
1 
Our invention, relates te single-anode pool- ing the three heavie stable lïght  metals, o the 
type vapor-arc rectiflers or asymmetrically con- alkali-metal, group, comprising cesium rubidim 
ducting devices, having a new make-alive means, and potassium, as more. particulïrly descri]jed  
and method, for.initiating the cathode-spark oî. and claimed in an application of- Boyer and  
an arc-ai the-beginning,ofeach conducting.period 5 Colaiaco, Serial No. 1-44,354 fild Fbruar 15 
of the device. Out invention is an  improvement. 1950 In. single-anode pooltype: alkali-mèta 
over, or an alternative for, the broad invention rectifiers, seine.sort of spacedsta-rting-an0d is 
which is described and claimed, in. lie B0yer ap-. necessity, because the previously known semï 
plication SerialNo. 206,43, flledJanuary 17, 1951:, conducting ignitor-materials tave.rïot:beel.Usa]jl - 
forma vpor-arc devie, which, was characterized 10 in contact with the extremely, chemielly active 
by having a- spaced stating-anode, as distin alkali-metals» cesium, rubidium or potassium,. 
guished froma- high-resistance o semiconductive whicti wet-almost anything, and  sak. updiito 
ignitor-b6dy wtiich dips d)wn into the cthode, pores of tlie. igniter. 
pooI asdescribedand claoEmedïn an earlièr. Slepin. Out- inventibrï can be Used with any, onë  of-. 
and Ludwig ignitron Ptent 2,0691283 granted 15 several dischargemetals for: f0rming the va0r» 
February , 1937 izablereconstructingcatlòde-matèril includin. 
The vapor-arc device  covered by tlie above- any metalscapable, off0rming aliquilpoòl.ata. 
menioned B0yor application was characteried reasonablé ëmperature, and also tiavilig 
bya relatively large spacing:between ttie startilg-, necessary low-arc-dròp charactristics. Thë.bëst. 
anode and the. cathode» as-' compared with the« 20 known discharge-metals of this-type inctudë mer 
spacing between the main  anode and .thecattiode cury, cadmium, cesium rubidium, ald Potassium 
incombination.with suitableshilding-means-fòr Our novel exciation-method: is particularlysig. 
causing the brekdown-dischargefom the.start, nificnt in connectionwith alkali-metal tubes 
ing anodé te always terminate on  the cathode, a typeusing'a poolatype.varopizable-rec0nstruct,- 
rather than. on- the: main. anode II this Boyer 2 ing.cathode-materia.lci)nsisting of  either'-césium» 
device, the larg startinganodè spacing , or, dis-. rubidium or. potassium. By. a Pool«type  tu]Je- or' 
tance c/,. ftom the cathod w the mens fer valve, we mea any tube or valve in whiCh 
reducing-thevoltage necessarF:tb brealïd0wnttïe active caoeodematerial is-bothç vaporizablWand 
gap between thestarting«anod and: the cthod  reconstructing. It may- be  eitlier an operï p0o]i 
because it produced a relatively  large-valie - of-  0  or'asp.onge-tieldpool.inwtiich .poróus suta-n, 
the pressure-distance preduct.çc/ since.thesame tiallynorï-vaporizable.material  holtlsatléatlïe  
vapor-pressure,ri- applicable, ofcourse to.both , actfi/e p.ortion  of/the vaporizablW reconstructing.» 
the min anodé and-ttïe startirganodè: cathodematerial or.an.open-pool havingtherei.lT 
In accordance- with out  present- invention we  manyvertically-diSp.osed baltts whichare-spacêoE 
dispense wittï, thenecessity:for . tiaving a relatively 35  ]Jy distances.larger'than the cpillary  dimensi0S . 
large startinganode spacing; by using, instead which distinguishasporïge,likematerial 
a magnetic- fieltl which causes ttie- electrons te - Several illustrative fòrmsof embodimentofour 
more withan oscillatory:or spiral motion.in reacti, prescrit invention are shown in the ccompnng 
ing the startinganode, thereby increasing- the.- drawings, wlierein: 
distances-through which the: electrons -.move  and 4O Figures. 1 and 9.. are- somewhat diagrammatic- 
thus greatly increasing, the proba]3ility, of colli-, and much simpliflèd vertical  elevati0ns.;: n0t. to  
siens, se that the breakdown-voltage of thestart-- scale» illustrativeof twe different f0rms: of era» 
ing-anode, isï relatively low, notwitlstanding, the lsodiment, of « out'invention; nd  
fact that:it:nlay have.a.relatfi/ely..smallrphysia-t Fi'g 3: is. .. sctièmatic--, diagrm of . illustratve: 
spacing from-the cathode« 45" circuits- and-" connections:. Which are: usal ïVittï 
Our-invention.-is. desira]lé», as-. a su]stitue, f6r., any of the formsof:emb0diment of:out inventin 
tlle. high-.resistance- dipin- type.of -" ignitm-, make-- and, which are sliown; in  Fig.. 8,. in. connector 
alivein-.asymmetricatlyconductingvapor.arc:de witti a simplifled  diagra.mmatic o illustraibn. 
vices inc which the cathode-comprises a pool of: to.scale,, ofa thirdfbrm.of em]odiment»ofollr 
mercury as- described in the above-mentioned: 5o tu]Se. 
Slepian-rLudWlg patent:. However, a proba]ly As- sliewn in- Fig. 1, ournovelretifler.tu]ê-,iS 
mor.e:imprtant'field.of:application of out present an- asymmetrically cenducting, va .por-arodevieë. 
iverltion:is-in-connection with single-anode-.pool- w-hich comprises-an evacuated.container.$:having 
typ_e« alkali.metal., tubes, wherein: tlie: discliarge-, two, and only tWO, main elëctrodës  ] :and:8 -ttieré- 
rattii$:a.-.mtatchosen:from-,the»group-compris. 55 inc T-lïe, main::metallicporti0nsofthe-._eva-catëd 



container 6 (as distinguished ïrom the insulator 
or insulator-seal portions thereof, which will sub- 
sequently be described), are preferably ruade of 
iron or steel, although other metals could be 
used. Each tube thus constitutes a single-phase 
rectifier, ïor interchanging power between two 
circuits, such as an alternating-current circuit, 
and a direct-current circuit. In Fig. 3, the 
ternating-current circuit is illustrated as a three- 
phase supply-circuit |9, and the direct-current 
circuit is indicated as a direct-current load-circui 
||; and a separate rectifier-tube 6 is used ïor 
each of the three phases of the supply-circuit |0. 
Each tube 6 is also provided with an auxiliary 
starting-anode |2, for the purpose of exciting 
the tube ai the beginning of each conducting- 
period of the two main electrodes 7 and 9. In 
accordance with my present invention, the cath- 
ode 9 is a pool type of cathode, and hence if 
necessarfly or preferably disposed below the main 
anode 7, so that if is the lower one of the two 
main electrodes 7 and 8. ïhe cathode-pool 
consists of a vaporizable reconstructing cathode- 
material, which is preferably selected from the 
group comprising mercury,, cadmium, cesium, 
rubidium and potassium, and which stfll more 
preferably is selected ïrom the group comprising 
cesium, rubidium and potassium, with particulaï 
emphasis on cesïum as the vaporizable recon- 
structing cathode-material. 
As will be described in connection with Fig. 2, 
thi s cathode-pool |3 may be an open pool, but it 
ls preferable, for a number Qï reasons, that the 
pool-material, or vaporizable reconstructing dis- 
charge-ruerai, should be held by a porous substan- 
tially non-vaporizable material in the ïorm of 
sponge or partition-fiiled structure with spaces 
of capillary dimensions between the partitions, as 
indicated ai |4 in Fig. 1. This porous material 
can be one of the high-temperature conductors, 
such as molybdenum, tungsten, tantalum, ru- 
thenium or carbon. The discharge-metal 
saturates the cathode-sponge |3, but if there is 
a small amount more than necessary» if can col- 
lect in the space around the rira of the sponge, 
or in any other suitable .space which might be 
provided. 
It is necessary that the discharge-metal 
should wet the sponge, so that it wfll flow readily 
through the capfllary spaces thereof. When 
mercury is used as the vaporizable cathode the 
Sponge has fo have a preliminary treatment with 
tiydrogen ai a high temperature, in order that 
thê mercury may wet the sponge-material readily, 
but vhen either cesium, rubidium or potassium is 
used, if is not necessary to preliminarily treat the 
sponge since these alkali-metals wet other 
terials so easily. 
The main anode ] and the auxiliary starting-. 
anode |2 have to be separately insulatingly sup- 
ported so that both are spaced and insulated 
ïrom each other, and ïrom the cathode 9 In the 
form oï embodiment of my invention- shown in 
Fig. 1, both of these insulating supporting struc- 
tures are a part of the evacuated container 
Thus, the main aode 7 is separated from the 
main cathode 0 by a glass-metal seal- |0, |9, 9 in 
Which rhin metal spinnings |$ and  are sealed. 
between a tubular glass member |9 and the main 
anode and cathode structures 7 and , respec- 
tively. When a chemically active discharge- 
metal is used, such as cesmm, rubidium or potas- 
sium, the metal spinnings $ and 0 oï the seal 
should be plated internallF with either titanium 
er- zirconium, or perhaps with beryllium, or even 
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4 
chromium, as described in the aforesaid applica- 
tion of Boyer and Colaiaco, in oider to prevent 
the reduction of the oxides of the glass by the 
chemically active discharge-metal when the tube 
5 is up fo the correct operating-temperature. 
Out starting-electrode |2 is disposed in the 
space between the main anode 7 and the cathode 
|3, and is illustrated as being supported by a stiff 
rod 22 which extends through an inclined tubular 
10 projection 23 which extends out, on one side of 
the device, from the side walls of the cathode- 
member , immediately above the cathode-pool 
|3. This side-projection 23 is provided with 
starting-anode glass-metal seal-portion 25, 2, 27, 
1 which extends out ïrom the tubular metal pro- 
jection 28. The rhin metal spinnings 25 and 
are sealed between the tubular glass member 29 
and the starting-anode supporting-rod 22 and 
the tubular metal projection 23, respectively, in 
20 manner a!ready described in connection with 
the main glas-metal seal | 3, | 9, 20. 
In the form of out invention which is shown 
in Fig. 1, the upper main electrode or anode 
bas a hollow or tubular reentrant-portion 3| 
25 which extends dowloE into the device from the top 
of the container. The active portion of the main 
anode 7 is a fiat metal piece 7', which is secured 
fo the bottom of the reentrant portion 3|. The 
main anode 7 is cooled by means of a cylindrical 
30 baiIie , which extends down into the reentrant 
anode-structure, so that a cooling-fluid (either 
gas or liquid) may enter over the-top, of the 
rectifier-tank 6, as shown by thearrow 35«being 
then directed downwardly, by the anode-baffie 
5 cylinder 4, so as to play on the active main- 
anode portion ]' af the bottom of the anode, 
aïter which the cooling-fluid is discharged up- 
wardly out of the rectifier-tank. To facilitate 
the heat-exchange, the upper portion of the 
0 tire anode-portion or main anode-plate 7' may 
be in good thermal contact with a heavy copper 
heat-exchange member 36, which is provided 
with fins 37 ïor facilitating the heat-transfer 
from the cooling-fluid fo the copper plate 36. 
45 As explained in the previously mentioned Boyer 
application, the cathode-pool |3 should prefer- 
ably be the coolest portion of the device, so that 
its temperature wfll be the condensation-tem- 
perature of the vaporizable reconstructing cath- 
0 ode-material, thus determining the vapor- 
pressure p of the device. As set forth in said 
Boyer application, the cathode-cooling may be 
effected by means of a heavy copper plate 38 
which is secured in- good thermal contact to the 
5 bottom of the cathode-header 3' which lies un- 
derneath the cathode-pool |3. The bottom of 
the heavy copper plate 38 is in turn in good 
thermal contact with a removable copper plate 
39 which is provided with cooling-fins 39' for 
60 keeping the cathode ai the desired operating 
temperature according fo the desired vapor- 
pressure p of the device. " 
In-accordance with our preSent invention, we 
use some sort of magnet-mean for establishing 
65 a magnetic field in the.vicinity-of"the starting 
anode |2, so as fo facflitate a breakdownbetween 
said starting-anode and the cathode=poole |3, in 
order thereby to initiate an arc between themain 
anode 7 and the cathode |3 at the beginning of 
7<) each conductini period of the device. Various 
structures and arrangements may be used ïor 
providing a make-alive means which is composed 
oï the combination of a starting-anodeand some 
sort of magnet-means. The general principle 
5 is çhat the. starting-anode |2 stiall be so diposed 



tht- a..leas a. portion of'the magnefiofle]d.8, ol 
themagnet-means shall extend at an aigle wth 
respect fo ai least a portion of the electrostatic 
field 4! between the starting-anode 12 and the 
cathode 13. 
Thus, in the form of embodiment of out inven- 
tion which is shown in Fig. i, the magnet.-means 
comprises two vertically disposed permanent bar- 
shaped magnets 43 and 
is. disposed centrally within the reentrant anode 
?, with one of ifs poles, such as the south pole S 
(the polarity being immaterial), disposed on top 
of the fiat active anode-portion 1' of the main 
anode ?. The low.er magnct 44 is disposed un- 
derneath the cathode-header 8', so that it pre- 
sents, fo the bottom of the cathode header 8'., a 
pole (such as a north pole N) having a polar 
itF opposite to the pole of the upper magnet 
whlch is presented to the topof the active anode- 
portion 1' of the main anode 1. 
Although the starting-anode 2 may bave any 
shape and disposition that will produce an elec- 
trostatic field 41 which bas a substantial com- 
ponent which is cut, af an angle, by some part 
of the magnetic field 40, we prefer fo use some 
sort of loop or ring-shaped arrangement for the 
active end or tip of the starting-anode 12. The 
inactive portion of the starting-anode support- 
ing-rod 22, which extends in the space between 
%he main anode 1 and the cathode-pool , is 
preferably shielded by a metal shield 46 which 
may- be at substantially the cathode-potential, 
so as to prevent breakdown from this rod 22 fo 
the cathode 13, as shown in each of the figures 
of our drawing, 
In the form of embodiment of out invention 
which is shown in Fig. 1, the starting-anode 
haï.an active portion in the form of a horizontal- 
ly disposed ring or loop-shaped member which 
consists essentis31y of two spaced electricaly 
connected portions I.' and 12", which are joined 
at one or both of their ends by means of an- end 
portion 2"'. This loop is so disposed-that a sub- 
stantial por%ion of the magnetic field 40 of the 
magnetic-means 844 fiows through between the 
two. spced starting-anode portions 12' and 12". 
When it is desired fo tire the tube, the starting- 
anode |2 is ruade positive with respect to the 
cathode-pool 12 by about 3,000 volts, or any other 
suitable make-alive voltage or volta.ge-impulse. 
The free.electrons in the electric or electrostatic 
field 41 will be accelerated, by said field, toward 
the positive-ring, along the lines of the electro- 
static fleld, but because of the vertical magnetic 
field 40, the electrons are forced fo move mostly 
at an angle fo the electric fle!d. In doing this, the 
electrons move in a spiral or oscillatory path, 
going from side fo side, and back again, belote 
reaching the ring, so that the effective length of 
the electron-path is ruade large, in a small space, 
thus greatly increasing the probabflity of colli- 
sions, whereby more electrons and positive ions 
are-formed. The positive ions move to the anode 
]" and to the cathode I, but.most of the positive 
ions move fo the. cathode, because the anode is 
p.ositive, with respec£ to the cathode. 
The resulting Positive-ion bombardment, on 
both the anode and the_ cthode, in this abnormal 
magnetcally induced glow:-condition, causes a 
cathode-spot  quickly ïorm on thé cathode. 
Occasionally, a çathode-Çpot may momentarfly 
f0rm on the anode 1', but it cannot be developed, 
and instsntly goes o.ut, because the node is-posi- 
tive with respect tpthe 
o..f, .,.h.e. çaçho.d,e.--p,o.o.! | 

sp_ot has ïormed therer, th an. _o_d I .c_n 
ptck uR .an arc there£rom, d sttl bg]: 
.carry e m.a load.of the device. 
It is desirable to prode sçme mes 0r 
 venting the ïmation of 
ma ode ]' during e non-conductg. 
of the device. Various means . this çn may.be 
adopt. In Fig. 1, it wfll be noted 
tical.magetic field o£  is subsantially-in 
10 mçnt with he v¢ztical ele.c£rosçatiC fleld 
dicated) between the ma anoderporti0n 
d the cathodeol , so that the magneic 
flux 0 does hot materiaHy cut e ele¢tr0sttic 
lines o£ ïorce bctween the mn anode and th 
15 cthode, and hence does hot deflect the electr0ns 
moving in is fleld, d does hot substtiay 
reduce the normal breakdown-voltage in the gap 
between the main ode d the cathode, so.that 
this main-anode bredown-voltage  coider 
0 ably higher than the inverse or negative olge 
which is uppH o the ma anode ] during the 
non.conductg PeOdS of the device. 
In l of the forms of embodent of out in- 
vention, because of or use of a magnetic fleld; it 
2 is usually desirable to use non-maetic mate 
rial, such as stainless steel, for at least hose 
portio of the container which are in the vicinity 
of the magnetic fleld . Thus, the active Dla 
portion ' of the main anode and the cathode 
30 header $' may be made.ofstainless stel, oz even 
the whole main anode  and the whole cathode 
 may be ruade of staess steel. 
Fig, 2 shows a modffied form of out vention, 
 using a sort of ode and grid-structure which is 
35 more similar to the te which has be,come stand- 
ard in ignitro of the kind covered by the 
Slepian-Ludwig patent. In this form oï out 
vention, the cathode-portion  of the container 
 is shown as a metal tk 8 having a mel 
40 p 9 which is provided with a centzal hole or 
perforation . The main anode is shown as a 
lid anode-member 2, hang_  upwadly ex 
tenng stem  which is supported fom the up- 
per, cap-shaped spig ' of a tubur 
45 war.dly extendg glass-meoE1 seal-portion 
'' which extends up from around the hete 
 in the top 9 of the tank . 
In Fig. 2, the main ode   surounded by 
a spaced conducting gridmember , which is 
0 sho as being suspended from a metal ring ' 
hich is secured to the bottom of the top 9 of 
the tank $, so that the grid  is at substan- 
tiy the tank-poential, which  the cathode- 
petential of the de.ce. The active reconstct 
5 ing cathodematerial, in Fig. 2, is shown as an 
open-te pool  '. 
g 2, the magnet-means is shown as a per- 
manent magnet 6 which lies horizontally, im- 
mersed in the caode-poel $', with ifs north 
60 and south les N and S pointg upwardly d 
]ng just below the surface f the pooL The 
startgode ring  a is now disposed  a .ver 
tical plane, so that the magnetic flux, from the 
magnet , wfll flow horintally through e 
65 ring,  as to crease e length o the.electron 
paths in a manner already described. 
By reason of the use of the anode-shiel- 
grid , if is feasible fo use a larger spacing be- 
tween the main anode 2 and the caode:Pool 
0 ', in Fi. 2, as compared to the spacing in Fig. 
1, and hence ere is ample room for the vertical 
disposition of the startingode rg.2a 
cording fo this construction, a cathode spet can 
be frme.d on, the poelsace above eithe:le 
7 0fthmgnet 5.6. ' " ' .... - 



If desired, in Fig. 2, suitable shlelding-means 
may be provided, for preventing the formation 
of cathode-spots outside of the main or central 
cathode-surface. This shielding-means may take 
the form of an insulating ring 51, immersed in 
the cathode-pool 13' and surrounding the magnet 
56. The insulating ring 51 may extend above 
the tp surface of the pool and may be connected 
to the bore of an insulating washer 58 which over- 
lies the top edges of the bore for preventing a 
cathode-spot from forming in this region, 
In the form of out invention which is shown 
in Fig. 2, if will be noted that the starting-anode 
ring 12 lies in a plane which is substantially in 
alignment with the electrostatic fie!d between 
the main anode 52 and the cathode |3', so that 
the magnetic field extends at an angle to the 
electrostatic field of the main anode 52, as well 
as being at an angle fo the electrostatic fleld of 
the starting-anode 12«. This circumstance might 
tend to produce cathode-spots on the main anode 
52 during the non-conducting periods of the de- 
vice, when the main anode is negative with re- 
spect fo the cathode |3', if it were hot for the 
shielding effect of the grid 55, which is substan- 
tiaily at the cathode potential, and which thus 
kflls the electrostatic field between the main 
anode 52 and the cathode-pool 13. With the 
cathode-potential grid 55 in place, the electro- 
static field surrounding the main anode 52 ex- 
tends only fo the grid 55, and does hot extend 
on, through the magnetic field, to the cathode- 
pool 3'. In this way, backflring is prevented, 
during the nonconducting periods of the device. 
In Fig. 3, we show another means whereby 
backflring may be prevented during noncon- 
ductinoE periods of the device, without having fo 
re]y, for this purpose, upon an anode-shielding 
grid such as is shown at 55 in Fig. 2. In Fig. 3, 
we show the magnet-means as a U-shaped elec- 
tromagnet 6 I, which is provided with an energiz= 
ing-coil 62 so that the magnet can be deenergized 
during the nonconducting periods of the device, 
so that its magnetic field will hot be present to 
reduce the breakdown-voltage of the main anode 
during the rimes when that breakdown-voltage 
is needed in order to enable the tube fo remain 
nonconducting during the nonconducting periods 
when a negative voltage is applied to the main 
anode. The tube-construction which is shown 
in Fig. 3 is similar to that which is shown in 
Fig. 1, except that the two permanent magnets 
43 and 44 of Fig. 1 are removed, the starting- 
anode loop |2 is turned into a vertical plane as 
shown af | in Fig. 3 and as described in Fig. 
2, and the eectromagnet | is placed under- 
neath the cathode-header 8', so that if produces 
magnetic flux which threads horizontally through 
the verticay disposed starting-anode loop |2«. 
Fig. 3 aso shows a form of electrical con- 
nection which is presented for merely iHustrative 
purposes, as there are many îorms of electrical 
connections which could be used with our in- 
vention.- It will be understood, of course, that 
the .electrical connections (minus the eectro- 
magnet«connections) which are shown in Fig. 3 
could be used with either of the other forms of 
embodiment of out invention, which are shown 
in Figs. 1 and . 
Fig. 3 shows the essentia parts of à complete 
three-phase system, using three tubes 5 of the 
type which we have just described. Current from 
the three-phase supply-line | 8 is fed to the tln'ee 
main anodes  through a main transformer 53, 
in any of several well-known ways. The three 

8 
Cathodes 8 are connected to a common cathode- 
circuit 64, which constitutes the positive ter- 
minal of the direct-current load | |. The nega- 
rive terminal of the direct-current load is the 
5 secondary neutral of the main transformer 
An exemplary excitation or firing-system for 
the starting-anodes 2 or |2« consists essential- 
ly of a firing transformer 5, which is energized 
from the polyphase supply-line |@, and charges 
10 three firing-capacitors 61 through charging- 
rectifiers 6. The respective firing-capacitors 
are discharged, at suitable rimes, to the respective 
starting-anodes 12 or 12a, by means of grid- 
controlled tubes 9 which are provided with suit- 
15 able phase-controlling means 10 for controlling 
the portion of the cycle in which each of the 
tubes 5 is started or fired, thus controlling the 
output-voltage of the rectifier-assembly. This 
is only one of several suitable firing-circuits 
20 which could be used for the single-anode recti- 
fiers 5. 
Usually, it is desirable to provide, also, some 
sort of sustaining keep-alive means for keep- 
ing the main rectifier-tubes 5 from going out 
25 under very light load-conditions in the direct- 
current load-circuit ||. A suitable means foi" 
this purpose could include a Iine-energized low- 
voltage transformer 13, the secondary terminals 
of which are connected to the three starting- 
30 anodes |2 or 2« through suitable isolating- 
rectiflers 14. 
Where electromagnets 6 are used, as shown 
in Fig. 3, the three enerEizing-windings 2 may 
be energized, preferably only during hall-cycle 
ï5 periods, or even shorter portions of each cycle, 
by means of a suitable step-down transformer 
76, having primary windings which are energized 
from the supply-line |9, and having secondary 
windings which are connected fo the respective 
d0 electromagnet-windings 62 of the three tubes 
6 through rectifiers 8. Preferably, as shown, 
the secondary windings of the magnet-supplying 
transformer 1 are phased slightly in advance 
of the corresponding ]nain anodes 1 of the re- 
 spective tubes, so as to give the magnetic flux 
of the electromagnets 5| rime fo build up in rime 
for the beginning of the half-cycle of positive 
voltage which is applied fo the respective main 
anodes. 
50 While we bave described out invention in sev- 
eral much simplifled and diagrammatically 
dicated exemplary forms of embodiment, with 
a single exemplary form of embodiment of a suit- 
able electric-circuit connection therefore, we wish 
55 it fo be understood that our invention is hot 
limited to these details. We desire, therefore, 
that the appended claires shall be accorded the 
broadest construction consistent with their 
language. 
6O We claim as out invention: 
1. A n asyïnmetrically conducting vapor-arc de- 
vice comprising an evacuated container having 
two, and only two, main electrodes therein and 
also having an auxiliary starting-anode therein, 
65 the operating portion of one of said mainëlec- 
trodes including a vaporizable reconstructing 
cathode-material, the operating portion of the 
other one oï said main electrodes including an 
active face-portion comprising the active main 
70 anode of the device, means for separately in- 
sulatingly supporting said main anode and said 
starting-anode so that both are spaced and in- 
sulated from each other and ïrom the cathode, 
and make-alive meàns including a magnet- 
75 means for estblishing  mgnetic fleld which 
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-subtantlally out of :alinemen with .leas 
Substantial portion Of he lectroStatic fleld 
twee sid .starting-anode and said cathode so 
 filite a breadown betwCn said starting- 
àHe and Said cathode ,in ortier thereby fo initi- 
 n zC between the main Rnode and he 
2. The inveionas .dened in claim 1, charRc= 
izd by a spsition of the srting-anode such 
thkt tlet a subsntial Ortion Of e electr- 
ttic eld beenhe starting-anode and the 
ëtO is ubStanfalty out o alemënt ith 
Sh CctrÙtic eld btwen he min .ànOd 
 h Cthe, an a OESpoSitibn Of the 
tntially ï ahëmt With the electrbàtic 
eld between the main anode and the cah0C 
3 [h invenn s dened in claire 1, char- 
acizd by a disposion of the starti-anode 
such that af least a substantial porion of the 
electrostatic eld btween .th taring-anode and 
the cathode is subsantially in alinement th 
the electrostatic eld between the main anode 
and the cathode, and a sposition of the mag- 
net-means such that i magnetic eld is sub- 
stantially out of alternent with both of said 
electrostac el, in combination with me 
for preventing a ormation of a cathode-spot on 
the main anode during the non-conducti 
perlods of the device. 
4. e invention, as dened in claire !, chr- 
acteMzed by a disposition of the starting-anode 
such hat af least a substantial portion of the 
etectrostic etd betwen the string-anode and 
the cthode is substaniahy in atinement with 
the electrostatic eld between the main anode 
and he cathode, and a disposition of the mag- 
net-mea such that i magnetic eld is sub- 
stantially out of alinement with both of said 
electrostatic etds, in combination with an anode- 
seld for at rimes preventing a formation of a 
cathode-spot on the main anode during the non- 
conducting perio& of the device. 
5. The invention as dened in cla 1, char- 
acterized by said mgnet-mea being an elec- 
tromagnet. 
6. e invention as dened in claire 5, in 
combination with means for energizing said etec- 
tromagnet in readiness for a make-alive opera- 
tion and deenergizing said electromagnet during 
Mmes when a cathode-spot might otherse be 
produced on the min anode durin the non- 
conducting perio of the de,ce. 
7. The invention as dened in ctim 5, char- 
acterized by a disposition of the starti-anode 
such tht af least a substantial portion of the 
etectrostatic eld betwen the starng-anode nd 
the cathode is substantiatly in alinement with 
the electrostatic etd between the main anode 
and the cathode, and a disposition of the mgnet- 
mea such that ifs magnetic etd is substantially 
out of linement with both of sid electrosttic 
flet. 
8. The invention as dened in claire 1, chr- 
acterized by the operati portion of said start- 
ing-anode comprising two spaced electricatly con- 
nected portion, and a OEsposition of sid mag- 
net-mens such that a substantial portion of is 
maetic eld flows tough between sid spced 
starti-anode portion. 
9. e invention as dened in claire 3, char- 
acterized by said spced starting-anode portio 
lying in a plane which is substantially out 
a]inement with the electrosttic eld between 
main anode and the cathode, nd a disposition 

the .magnet-means such that ifs .magnetiC .flCd 
is substantially in alinemènt with the electro- 
static lCd betwben the main anodb and the 
cathode. 
5 ,i0. The iuvention as tlefined in claim 8, char« 
acterized by said spaced starting-anode portioias 
lying in a Plane which is substantially parallel 
to the active Cthode,surface. 
i.i. Thé invention as tlëfined in claim S, Char 
I0 actërizbd by saidspaced starting-anode,porti0ns 
lying in a plane wch is sïbstantially .in atine- 
ment With the electrostatic field betweên the 
main anode and ,the cathode, and a disposition 
of themagnet-means such that its magnetic fleld 
15 is Substar/tialty but of :alinement with both of aïd 
etectrogtaic fietdS, .in c0mbination with :meRns 
for preventing a -frmatiòi 'of a Cathode-spt on 
the main arodé dtifig the non-ontlucing 
eriOds of thedevice. 
20 .12. Thè ention a lefined :in clalm 8, 
cërized by saidspaceï2 starting-'anode ]portor 
tying in a plane which is substantially in aline- 
ment with the electrostatic field between the 
main anode and the cathode, and a disposition 
25 of the magnet-means such that ifs magnetic field 
is substantiatly out of alinement with both of 
said etectrostatic fields, in combination with an 
anode-shield for af rimes preventing a formation 
of a cathode-spot on the main anode during the 
30 non-conducting periods of the device. 
13. The invention as defined in claire 8, char- 
acterized by said spaced starting-anode portions 
lying in a plane which is substantiatly normal 
fo the active cathode surface, in combination 
35 with means for preventing a formation of a cath- 
ode-spot on the main anodes during the non- 
conducting periods of the device. 
14. The invention as defined in claire , char= 
acterized by said spaced starting-anode portions 
40 tying in a plane which is substantialty normal 
fo the active cathode surface, in combination 
with an anode-shield for at rimes preventing, a 
formation of a cathode-spot on the main anode 
during the non-conducting periods of the device. 
,5 15. The invention as defined in claire 8, char- 
acterized by said spaced starting-anode portions 
tying in a plane which is substantiatly normal 
to the active cathode surface, and further char- 
acterized by said magnet-means being an electro- 
50 magnet disposed outside of the evacuated Con- 
tainer and having two spaced pole-pieces dis= 
posed so that north and south magnetic poles 
are formed at spaced places on the active cathode 
surface. 
55 16. An asymmetrically conducting vapor=arc 
device comprislng an evacuated container having 
two, and only two, main etectrodes therein and 
atso having an auxitiary starting-anode therein, 
the operating portion of one of said main elec= 
60 
trodes .including a vaporizabte reconstructing 
cathode-material, the operating portion of the 
other one of said main electrodes including an 
active face-portion comprising the active main 
65 anode of the device, means for separately insu= 
latingty supporting said main anode and said 
starting-anode so that both are spaced and in- 
sulated from each other and from the cathode, 
the operating portion of said starting-anode 
70 being substantiatly ring-shaped, and a magnet- 
means for establishing a magnetic lïetd extend- 
ing substantiatty in an axial direction through 
said ring-shaped operating portion of the start= 
ing-anode so as to facititate a breakdown between 
7 said ring-shaped portion and the cathode in 
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order thereby fo initlate an arc between the main 
anode and the cathode. 
17. The invention as defined in clahn lô, char 
acterized by said ring-shaped starting-anode por- 
tion lying in a plane vchich is substantially par- 
allel fo the active cathode surface. 
lô. The invention as defined in claire lô, char- 
acterized by said ring-shaped starting-anode por- 
tion lying in a plane which is substantially nor- 
mal fo the active cathode surface, and further 
charactertzed by said magnet-means having tvo 
spaced pole-pieces dlsposed so that norh and 
south magnettc poles are formed ai spaced places 
on the active cathode surface, in comblnatton 
with means for preventing a formation of a 
cathode-spot on the main anode during Lhe non- 
conducting periods of the device. 
19. The invention as defined in claim lô, char- 
acterized by said ring-shaped staring-anode por- 
tion lying in a plane vchich is substantially nor- 
mal fo the active cathode surface, and further 

12 
charactelzed by aid mgnet-means halng two 
spaced pole-pieces dlsposed so that north and 
south magnetic poles are formed ai spaced plaes 
on the active cathode surface, in comblnation 
with an anode-shteld for ai rimes preventing a 
formation of a cathode-spot on Lhe main anode 
during the non-conducting perlods of the device. 
20. The invention as defined in claim lô, char- 
acterized by said ring-shaped starting-anode por- 
tion lying in a plane which is substantially nor- 
mal to Lhe active cathode surface, and further 
characterized by sald magnet-means betng an 
electromagnet dtsposed outside of the evacuated 
container and having two spaced pole-pieces dis- 
posed so that north and south magnetic poles are 
formed ai spaced places on the active cathode 
surface. 
JOHN L. BOYER. 
JOSEPH SLEPIAN. 
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